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Abstract 
Background: Level of adiposity needs to be characterized in children for prevention and 
treatment of overweight/obesity.  This thesis aimed to characterize obesity risk in children, 
comparing across indirect measures of adiposity, and between perceived body size versus 
measured adiposity in children and their parents.   
Methods: Enrolled was a convenience sample of 925 children receiving health care at a large, 
urban pediatric emergency department.  Child-parent dyads were created and anthropometric and 
demographic data collected.  Age and sex-specific percentiles were determined for body mass 
index (BMI; measured height/weight) and waist circumference (WC).  BMI Z-score was 
calculated based on age and sex.  The sample ranged in age from 5-18 years, was gender 
balanced (50.1% male) and racially/ethnically diverse (38.6% white, 14.4% African American, 
37.2% Hispanic), and 57% on public health insurance.   
Results: By BMI percentile, the sample showed risk of elevated adiposity (2.1% underweight, 
60.2% normal weight, 16.4% overweight, 13.7% obese, 7.6% extremely obese), which is similar 
to U.S. national prevalence. BMI percentile distribution was skewed to the 100th percentile (16% 
of children at the 100th percentile).  BMI and WC percentiles were highly correlated, yet WC 
percentile didn’t show the skew toward 100th percentile. The BMI Z-score trended toward 
normal distribution.  All measures revealed demographic differences in adiposity—
overweight/obesity frequencies were highest among non-white and publicly insured children. 
More parents and children failed to recognize measured overweight/obesity in the child; highest 
discrepancy between measured and perceived overweight/obesity was among non-white and 
publically insured parent/child dyads. 
Conclusion: This sample of ethnically/racially diverse sample of children with high percentage 
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of economic disadvantage had risk of overweight/obesity equal to that seen across the U.S.  
Neither parent nor child correctly identified excessive adiposity.  The indirect measures of 
adiposity, despite difference in distribution, performed equally well at delineating risk of 
overweight/obesity and misperception of overweight/adiposity across demographic groups.  
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1.  Introduction 
Obesity rates are elevated across all groups of people in the United States.  From the 
2012-2014 National Health and Nutrition Examination Survey (NHANES), over one-third of the 
adult population in the United States is obese, which can lead to significant health problems over 
the lifespan (Ogden et al., 2015).  The elevation of obesity rates also has occurred in U.S. 
children and adolescents.  In the past 30 years, obesity has more than doubled in children and 
quadrupled in adolescents.  From NHANES, in U.S. children and adolescents ages 2 to 19 years 
old, the prevalence of obesity in 2011-2014 was 17%, has increased since 1988-1994 (Ogden et 
al., 2015), and white children and adolescents have lower obesity rates than black and Hispanic 
children and adolescents.   
The most common method used to indirectly measure adiposity in children is body mass 
index (BMI) represented as a percentile according to age separately for boys and girls.  The 
question of interest is how BMI percentiles communicate obesity risk, how well children and 
parents are able to identify this risk, as well as how the BMI percentile compares with other 
indirect measures of adiposity.  Traditionally, the percentile measure is limited at the top value, 
100th percentile, with more children reaching that top value as the number of cases of obese and 
extreme obesity is increasing (Ogden et al., 2015).  Specifically, this thesis will examine the 
comparison of BMI percentiles with BMI Z-score, which does not have the ceiling value, the 
congruence between perceived and measured overweight/obesity in children and parents, as well 
as the comparison between BMI percentiles and Z-scores with waist circumference (WC) 
percentiles.  Characterizing obesity in children is an important task to insure proper prevention 
and treatment of obesity and obesity-related illnesses and diseases.  
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Obesity Risk and Prevalence in U.S. Children  
Adiposity is body fat and body mass index (BMI) is an indirect 
measurement of adiposity with limited anthropometric information 
(Roche et al., 1981).  BMI is weight in kilograms divided by height in 
meters squared.  For adults, a BMI of less than 18.5 is considered 
underweight, 18.6-24.9 is normal or healthy weight, 25-29.9 is 
overweight, and ≥30 is obese (CDC, 2016). Obesity is a leading cause of 
heart disease, stroke, type 2 diabetes, and is a risk factor for many 
types of cancer.  All of these health issues are contributors to 
preventable death.  There is also a correlation between obesity and 
mental health issues such as schizophrenia, bipolar disorder, and 
depression in adults (CDC, 2016).  In addition to health risks, the cost 
of health care for obesity related illness and diseases is substantial.  
In 2008, the estimated cost of obesity in America was $147 billion.  
The health care costs for obese people were $1,429 higher than those 
of healthy weight (CDC, 2016). 
Childhood obesity presents significant health risks for children as they develop into 
adults.  According to a systematic review and meta-analysis, obesity and increased BMI in 
childhood often persists to adulthood and is associated with increased risk of disease later in life 
(Simmonds et al., 2015).  Additionally, a retrospective cohort study of 369,362 UK children aged 
2-15 years showed that overweight and obesity contributes to childhood diseases as well.  The 
study found that those who were obese are four times more likely to develop type 2 diabetes 
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(Abbasi et al., 2017).  The ability to screen for obesity risk and intervene to prevent and treat 
childhood obesity was examined in a systematic review of electronic health record data as a 
public health surveillance strategy.  Overall, adiposity information derived from the HER was 
comparable to NHANES data.  The electronic health record was found to be a promising tool for 
obesity prevention efforts (Flood et al., 2015). 
According to a U.S. nationally representative study (Cynthia et al, 2016), 17% of children 
and adolescents were obese and 5.8% were extremely obese in 2011-2014.  Between 1988-1994 
and 2013-2014, obesity increased until 2003 then decreased in 2-5 year olds, increased until 
2007 then leveled off in 6-11 year olds, and increased in 12-19 year olds.  No significant 
difference was found between boys and girls, but race and age differences were apparent.  In 
2011-2012, 8.6% of Asian youth was obese, 14.1% of non-Hispanic white children were obese, 
20.2% of non-Hispanic black were obese, and 22.4% of Hispanic youth were obese.  In addition, 
8.4% of 2-5 year olds were obese, 17.7% of 6-11 year olds were obese, and 20.5% of 12-19 year 
olds were obese.  There were no significant obesity prevalence differences in all youth between 
2003-2004 and 2011-2012, but rates still remained high and a public health concern (Cynthia et 
al., 2016).  The CDC found similar obesity rates by age and race in 2011-2014 and 
acknowledged the same pattern in both males and females.    
Indirect Measures of Adiposity in Children 
Adiposity in children and adolescents is measured through BMI percentiles rather than 
BMI score as in adults. This is because, during growth and development, the relationship 
between height, weight, and adiposity changes (CDC, 2016).  Therefore, the weight status of 
children and adolescents must be calculated in relation to BMI of children of the same age and 
sex.  Based on a child’s height and age, their weight is plotted on a BMI percentile graph as 
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shown in Figure 1 below (CDC, 2015). 
The CDC has established child specific classifications of BMI percentiles (CDC, 2015): 
less than the 5th percentile is considered underweight, 5th-85th is normal or healthy weight, 85th-
94th is overweight, and 95th as obese (CDC, 2015).  Since a larger percentage of children are 
ranking above the 95th percentile, a new category of severe/extreme obesity is being examined 
(Kelly et al., 2013).  A scientific statement by the American Heart Association looked at BMI as 
a predictor of adiposity and found that childhood BMI was not a good predictor of adult obesity 
or disease; obese adults were not necessarily obese as children.  However, most obese children 
and adolescents were also obese in adulthood.  A correlation was found between increased 
childhood BMI and adult coronary heart disease, diabetes, and a range of cancers in a systematic 
review and meta-analysis of large cohort studies.  This study called for further research into a 
more accurate and predictive measure of childhood adiposity because of the severe consequences 
of childhood obesity later in life (Simmonds et al., 2015). 
Figure 1:  Age and sex-specific charts to determine BMI percentiles for girls (left) and boys 
(right) and track change as the child ages (CDC, 2015) 
   
BMI Z-scores considers the distance of the BMI from the mean for the child’s age and 
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sex.  The Z-score is a function of the standard deviations from the mean of a normalized 
distribution of BMI scores for a given age and height.  The calculation helps correct for a 
collection of varying weights being plotted at the same BMI percentile.  Improving the accuracy 
and representativeness of adiposity measurements in children may better enable clinicians to 
determine the underlying causes of obesity (Flegal and Ogden, 2011).  However, data from 
30,003 2 to 19 year old children examined from 1999-2014 in NHANES showed that BMI Z-
score is only weakly correlated with other measures of body fatness among children with severe 
obesity (BMIP > 120).  Therefore, BMI Z-score may not be a good indicator of adiposity in 
extremely obese children or those with high BMIs.  This study found that in children with high 
BMIs, the CDC 95th percentile measurement should be used particularly when evaluating proper 
treatment and intervention (Freedman et al., 2017). 
Waist circumference measures central body fat, which has been associated with 
cardiovascular risk factors, type II diabetes, and many other illnesses in both adults and children 
(Fernandez et al., 2004).  A cross-sectional study with 4346 US children found that higher 
snacking and eating frequencies were associated with higher risk of overweight and abdominal 
obesity in children. (Murakami et al., 2016).  Therefore, WC as an indirect measure of adiposity 
may improve the ability to predict risk of future obesity-related illnesses as well as accurately 
assess adiposity in children.  Risks of overweight and obesity have been identified at certain 
cutoff points based on a cross-sectional study with 9718 subjects (Fernandez et al., 2004).  
There doesn’t appear to be a clear indication on which indirect measure of adiposity 
provides the most useful information for characterizing risk of excessive adiposity and for 
assessing the determinants or risks of excessive adiposity. BMI percentiles, while most 
frequently used in clinical practice, do not necessarily correlate with increased health risk or 
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degree of adiposity and other measurements (e.g., waist circumference and BMI Z-score might 
better represent adiposity in children (Flegal and Ogden, 2011). However, BMI Z-Score could 
also pose similar problems to those of BMI percentiles since the health status ranges are based on 
weight, which does not always correlate directly with percent body fat.  Of interest is if BMI Z-
score could better describe adiposity in children than BMI percentiles, especially regarding 
diagnosing obesity and determining its causes. 
The accuracy of BMI percentiles also was questioned in a cross-sectional study of 
elementary and junior high school students; BMI percentile values and percentage of overweight 
(POW) values were significantly different.  POW is a Japanese weight-for-height adiposity 
measurement method and was found to be more effective at the tail ends than BMI percentiles.  
The study also found that WC was a good indicator of abdominal obesity, which is associated 
with obesity-related complications (Dobashi, 2016).  Similar results were found in a cross-
sectional study of data from the Third NHANES.  WC percentiles were recognized as an 
accurate assessment tool for childhood obesity but results suggested problems with higher WC 
values. The sample was 9718 children, ages 2 to 18 years, with measured WC and calculated 
percentiles estimated using age, sex, and ethnicity in a percentile regression.  Consistent trends 
were found across age but not gender or race.  Particularly at the highest percentiles, estimates 
differ between races and some cases even exceed the adult cutoff value for obesity-related 
disease (Fernandez et al., 2004).  
BMI and WC methods are favored when more accurate techniques such as Dual-energy 
X-ray absorptiometry (DEXA) and air displacement plethysmography (ADP) are not feasible 
according to a systematic review of body fat measurements in 7 to 10 year old children.  Twenty-
seven studies from 2004 to 2014 were analyzed and results compared.  These studies included 
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evaluations of skinfold thickness, DXA, ADP, waist to hip ratio, BMI, and WC measurements.  
BMI and WC were recognized as the safest and most efficient way to measure adiposity in 
children.  The study did, however, suggest that these two methods are less sensitive than other 
measurements, particularly at the tail ends of the scales (Jenson et al., 2016). 
 The utility of classification of overweight and obesity by the BMI percentiles also needs 
to be considered.  A cross-sectional study of 1382 schoolchildren (ages 4 to 12 years) compared 
three different body mass index classification systems (French, and International Obesity Task 
Force—IOTF, World Health Organization—WHO).  The agreement between these 
measurements was tested using the Cohen’s kappa coefficient.  The results showed that the 
WHO tends to overestimate overweight and/or obesity compared to the French and IOTF 
references.  Also, the differences depended on both sex and age of the subject.  Overall, the 
French was closest in agreement with the ITOF in identifying overweight in 7 to 12 year old 
children (Keke et al., 2015). 
 Overall, research on indirect measures of adiposity such as BMI percentiles, BMI Z-
score, and WC percentiles have produced inclusive results and debatable weight status placement 
of children.  A more accurate and method needs to be identified in order to properly diagnosis 
and therefore treat childhood obesity.  While BMI and WC percentiles seem to be the simplest 
measurement tool, cut-off points should be examined considering our children’s current weight 
ranges.  More research needs to be done on whether BMI Z-score measurements are correlated 
with obesity and disease risk.  
Perceived vs. Measured Adiposity in Children 
There seems to be discrepancies between perceived vs. measured adiposity in children.  
Self-perception of body weight can influence on action toward improving the level of adiposity 
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through lifestyle changes (Bodde et al., 2014).  It is important for parents and children to have 
reasonable awareness of their weight status.  Misperception by either parent or child can result in 
no action toward improving lifestyle behaviors or inappropriate action, such as disordered eating 
or negative thoughts and emotions, especially among older children (Sato et al., 2011). 
Weight status misperception was more common among boys than girls according to data 
collected from the NHANES in 2005-2012.  Furthermore, misperception was significantly higher 
among children compared to adolescents—33% of 8-11 year olds misperceived their weight 
status compared to 27% of 12-15 year olds.  This misperception was lowest among white 
children (27.7%) and highest among African American children (34.4%).  Additionally, weight 
status misperception was lowest among children of wealthier families (26.3%) compared to 
middle class (30.7%) and lower class (32.5%).   These trends were the same among both boys 
and girls.  The graph below shows weight status misperception by BMI category:  87.4% for 
normal weight children, 76.0% for overweight children, and 41.9% of obese youth considered 
themselves to be “about the right weight” (Sarafrazi et al., 2014). 
Figure 2:  Weight status misperception among children and adolescents aged 8 to 15 years, by 
sex and body mass category: United States, 2005-2012 
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 Additionally, parents’ ability to identify overweight and obesity in their children 
contributes to childhood obesity risk as well.  A cross-sectional study of 277 healthy children in 
the UK examined parents’ awareness of overweight in their children and found that it goes 
widely unrecognized (Jeffery et al., 2005).  This is an issue when it comes to necessary treatment 
and prevention of childhood obesity.  With obese children, 33% of mothers and 57% of fathers 
guessed their child was of healthy weight, and only 25% of parents recognized overweight in 
their child.  Parents were less likely to recognize overweight in sons than daughters, and more 
mothers than fathers correctly identified their child’s weight status.  Only a quarter of parents of 
obese children were concerned about their child’s weight and health status (Jeffery et al., 2005).  
 These concerning findings were mirrored in a cross sectional study with 277 randomly 
recruited children in which parents completed a questionnaire estimating their child’s weight and 
their level of concern about their child’s weight.  Only 24% of parents recognized overweight in 
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their child and 33% of mothers saw their obese child’s weight as “about right.”  Parents were 
also more likely to identify overweight in daughters than sons.  Of obese children, only 25% of 
parents were even “a little worried” about their child’s weight.  Overall, this study found that 
parents were poor at recognizing overweight and obesity in their children and expressed a lack of 
concern about their child’s weight status.  This lack of concern may stem from lack of awareness 
of the issue (Jeffery et al., 2005).  Similarly, a cross-sectional study of parents of children aged 
2-17 years, parental perception of their child’s weight and health were evaluated (Eckstein et al., 
2006).  A survey was used to assess perception of 223 children of varying ages, races, and SES.  
Only 36% of parents identified their overweight child as above normal weight and only 26% 
were concerned about their child’s weight.  Overall, very few parents of overweight and at risk 
of overweight children identified their child as unhealthy or were concerned.   
 Misperception seems to most affect obesity risk at younger ages.  A systematic review of 
51 articles covering 35,103 children analyzed the sensitivity and specificity of parental 
perception of their child’s weight status.  Of overweight children, 62.4% were incorrectly 
perceived as having normal weight by their parents.  Additionally, the misperception was higher 
in parents of children aged 2-6 years than parents of older children (Rietmeijer-Mentink et al., 
2013).  A cross-sectional study sent an anonymous questionnaire to 83 parents of 4-8 year old 
children at a pediatric faculty practice.  Parents indicated their level of concern regarding their 
child’s weight status and their perception of their child’s weight.  Of the parents of overweight 
children, only 10.5% accurately perceived their child’s weight compared to 59.4% of parents of 
non-overweight children.  Parents of overweight children consistently underestimated their 
child’s weight (Etelson et al., 2003).  This high misperception, especially in children aged 2-6 
years, could hinder proper treatment and prevention. 
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 Both children and parents seem to frequently misperceive weight and health status, 
particularly those with overweight and obesity risk.  The inability of children and parents to 
correctly assess weight status in children, particularly to recognize overweight and obesity, 
significantly contributes to this serious public health concern.  Proper diagnosis and treatment 
cannot occur if children and parents are not only not concerned, but also not aware of this health 
issue in children.  Further research should examine trends in the ability to identify weight status 
and properly diagnose obesity.      
Summary 
Due to increasing obesity rates in America as well as the severity of obesity related 
diseases and health care costs, finding a better way to identify and treat childhood obesity should 
be a priority.  Characterizing obesity trends in age, gender, race/ethnicity, and socioeconomic 
status will help with this issue.  Also, available adiposity measurements such as BMI percentiles, 
BMI Z-score, and WC percentiles need to be used with knowledge of their strengths/limitations.  
Finally, acknowledging and understanding discrepancies in perceived vs. measured adiposity in 
both child and their parents’ will help identify risk factors of obesity.  With this information, the 
best interventions can be made for potential adulthood obesity cases.  Overall, decreasing rates of 
obesity will significantly lower health risks and health costs in the United States.  
Aims & Objectives: 
1. To describe obesity risk in children and adolescents receiving health care from the 
Connecticut Children’s Medical Center, including the severe adiposity category 
2. To compare and contrast Connecticut Children’s Medical Center data with nationally-
representative data 
3. To compare the indirect measures of adiposity (BMI percentiles, BMI Z-Score, and 
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waist circumference percentiles) in describing adiposity in children 
4. To compare perceived versus measured adiposity in children and their parents 
Hypothesis Statements: 
Obesity Risk in Comparison with U.S. National Surveillance 
1. As age increases, the number of obesity children will increase, mirroring nationally 
representative data. 
2. There will be a greater obesity risk in children and adolescents with public vs. private 
insurance. 
3. There will be a great obesity risk in non-white children and adolescents compared to 
white children and adolescents. 
Indirect Measures of Adiposity 
4. BMI Z-Score and waist circumference measurements will illuminate demographic 
differences in adiposity better than will BMI percentiles. 
Perceived versus Measured Adiposity 
5. As age increases, the difference in perceived vs. measured adiposity in children will 
decrease. 
6. There will be a greater difference in perceived vs. measured adiposity in children with 
public vs. private insurance. 
7. There will be a greater difference in perceived vs. measured adiposity in non-white 
children than white children. 
8. There will be greater difference in perceived versus measured adiposity among the 
children than among the parents.  
9. Difference in perceived vs. measured adiposity in children will increase as adiposity 
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increases. 
2. Methods 
Design 
This is secondary data analysis of an observational study with cross-sectional design 
involved collection of measures of adiposity among a convenience sample of 925 child-parent 
dyads who had sought health care at the Connecticut Children’s Medical Center (CCMC) 
Pediatric Emergency Department (PED) in Hartford, CT.  This sample size aimed to encompass 
adequate diversity in demographic variables, lifestyle behaviors, and adiposity values to fulfill 
the study aims.  Anthropometric data, demographic information, and perceived adiposity were 
obtained from all participants.  This study allowed for characterization of obesity risk in children, 
comparisons of different adiposity measurements, and comparisons of perceived vs. measured 
adiposity in children and their parents.   Data collection occurred from March 2013 through April 
2016 on patients aged 5 to 18 years old and averaged about five minutes per dyad.     
Participants 
The final study sample was 925 child-parent dyads diverse in age, race/ethnicity, and 
measures of economic status.  Exclusion criteria included any history of severe 
behavioral/mental health condition or diagnosed eating disorder, non-English speaking, or 
deemed too ill to participate by an attending physician.  This study gained approval by both the 
University of Connecticut and CCMC Institutional Review Boards.  Signed informed consent 
was obtained from both the parent/guardian and child aged 7 and older for each dyad to 
participate.  Medical staff members participating directly in the child’s care obtained verbal 
permission for trained research assistants (RAs) to approach and explain this study.  Additional 
inclusion criteria were then confirmed using the electronic medical record.   
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Procedure 
 Trained RAs enrolled each dyad for this study’s sample.  Data collection took place in the 
patient’s PED exam room and was facilitated by the RA.  Following a flow sheet, RAs 
confirmed the inclusion and exclusion criteria and collected the parent/guardian’s name and 
address as well as the child’s age, sex, race/ethnicity, type of insurance, and medical history.  
The RA collected multiple anthropometric measures including height (cm; portable Stadiometer, 
Seca) and weight (kg; from electronic health record) for calculating body mass index (BMI) and 
waist circumference (WC; cm; flexible measuring tape), and used to calculate age-and-sex 
specific BMI and WC percentiles.   
The online CDC BMI percentile calculator was used to assign weight status based on the 
child’s exact age, gender, weight, and height as follows: underweight < 5th, healthy weight 5th - < 
85th, overweight 85th - < 95th, or obese ≥ 95th percentile.  WC percentiles according to 10th, 25th, 
50th, 75th, 90th and 100th percentiles for boys and girls were assigned using percentile standards 
based on The Third National Health and Nutrition Examination Survey data (Fernandez et al., 
2004) that we categorized into underweight < 10th, healthy weight 10th - < 80th, overweight 80th - 
< 90th, or obese ≥ 90th percentile.  Extreme obesity was defined as having a BMI > 120% of the 
95th BMI percentile.  To calculate, the child’s BMI was divided by the raw BMI for the 95th 
percentile based on age.  Those over 120% were categorized as extremely obese. 
BMI Z-Score was calculated from the child’s weight, age, and gender using a BMI Z-
Score calculator (Figure 3).  
Figure 3:  Pediatric percentile calculator for height, weight, BMI and blood pressure 
(http://www.quesgen.com/BMIPedsCalc.php).   
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Finally, both the parent/guardian and child of each dyad self-reported the child’s body size using 
sex-specific, 7-point Collins Drawings where underweight was < 2, healthy weight was 2 - < 5, 
overweight was 5-6, and obese was ≥ 6.   
Data Analysis 
Obesity Risk in Comparison with U.S. National Surveillance 
The Statistical Package for Social Sciences (SPSS) (IBM, version 22) was used to 
address the study aims, test study hypotheses as well as to create tables of characteristics of the 
sample (count and frequencies) including age, gander, race/ethnicity, and insurance.  It was also 
used to produce histograms of the age distribution of the sample.  
Indirect Measures of Adiposity 
Descriptive statistics were used to compare indirect measures of adiposity in children. 
BMI percentiles, BMI Z-score, and waist circumference percentiles were compared through 
comparative histograms and cross-tabs by demographic groups, tests of normality of distribution, 
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correlational analysis, and analysis of variance to assess differences in adiposity by age groups, 
gender and public/private health insurances  
Perceived versus Measured Adiposity 
Perceived vs. measured adiposity was examined by cross-tab and bar graphs for parents 
and child.  Tables and figures were examined for age, insurance, race/ethnicity, and BMI 
percentile as influencing factors.   
3. Results 
Characteristics of Sample 
Table 1: Characteristics of children receiving health care at a Pediatric Emergency Department 
 Count Column N % 
Gender Male 463 50.1% 
Female 462 49.9% 
Age Group 5-8 285 35.7% 
9-12 201 25.2% 
13-18 312 39.1% 
Race White 357 38.6% 
African American 133 14.4% 
Hispanic 344 37.2% 
Other 91 9.8% 
Insurance Private 382 43.0% 
Public 507 57.0% 
BMI Percentile 
Categories 
Underweight 19 2.1% 
Normal Weight 552 60.2% 
Overweight 150 16.4% 
Obese 126 13.7% 
Extreme Obesity 70 7.6% 
 
Table 2: Demographic characteristics of children receiving health care at Pediatric Emergency 
Department by gender 
 
Gender 
Male Female Total 
Count Column N % Count Column N % Count Column N % 
Age Group 5-8  146 36.9% 139 34.6% 285 71.4% 
9-12 112 28.3% 89 22.1% 201 50.4% 
13-18 138 34.8% 174 43.3% 312 78.1% 
Race White 184 39.7% 173 37.4% 357 77.2% 
African American 77 16.6% 56 12.1% 133 28.8% 
Hispanic 155 33.5% 189 40.9% 344 74.4% 
Other 47 10.2% 44 9.5% 91 19.7% 
Insurance Private 197 44.1% 185 41.9% 382 85.9% 
Public 250 55.9% 257 58.1% 507 114.1% 
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Our sample was 50.1% male and 49.9% female.  The sample had a relatively even 
distribution of ages between 5 and 18 (Figure 4).  Three separate age groups were used for 
analysis: 5-8 year olds (35.7%), 9-12 year olds (25.5%), and 13-18 year olds (39.1%).  White, 
African American, Hispanic, and other race groups were identified and their frequencies are in 
Tables 1 and 2.  The sample was 38.6% white, 14.4% African American, 37.2% Hispanic, and 
9.8% other, with insignificant race/ethnicity and gender differences. Private and public insurance 
roughly represent socioeconomic status; the majority was from families with public insurance.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Age distribution of children receiving health care at Pediatric Emergency Department 
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Obesity Risk and Trends in Age, Public vs. Private Insurance, and Race/Ethnicity 
The rate of overweight in our sample was 16.4% and obesity was 21.3% (obesity plus 
extreme obesity)(Table 1), which exceeds the 2011/2012 NHANES data (14.9% and 16.9%, 
respectively) (CDC, 2015).  Our sample showed higher rates of overweight and obesity in boys 
and girls (Table 3) than the 2011/2012 NHANES, particularly for obesity among boys (23%) 
versus 16.7% for NHANES 2011/2012.  
 
Table 3: BMI percentile categories by gender, age group, race and insurance 
 
BMI Percentile Categories 
Underweight Normal Weight Overweight Obese 
Row N % Row N % Row N % Row N % 
Gender Male                     n=463 2.0% 60.2% 14.9% 23.0% 
Female                 n=462 2.2% 60.2% 17.8% 19.8% 
Age Group 5-8                        n=285 2.9% 57.9% 16.5% 22.7% 
9-12                      n=201 1.5% 52.7% 19.4% 26.4% 
13-18                    n=312 1.0% 66.3% 15.1% 17.6% 
Race White                    n=357 2.3% 66.2% 16.9% 14.6% 
African American  n=133  1.5% 56.1% 15.9% 26.5% 
Hispanic               n=344 2.1% 56.8% 14.7% 26.5% 
Other                    n=91 2.2% 55.6% 21.1% 21.1% 
Insurance Private                  n=382 2.6% 66.5% 16.4% 14.5% 
Public                   n=507 1.8% 55.4% 16.5% 26.3% 
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† underweight: <5th percentile, normal weight: 5-84th percentile, overweight: 85-94th percentile, obese: ≥ 95th 
percentile 
 
Our sample had lower rates of obesity (13.7%) than the NHANES 2013/14 (17%)(CDC, 
2015) but higher rates of extreme obesity (7.6% vs. 5.8%).  No significant difference between 
boys and girls was found in our sample as in national standards.  However, significant age and 
race differences were found nationally and in our sample.  Nationally, Hispanic and non-
Hispanic black children have the highest obesity rates of 22.4% and 20.2%, respectively.  In our 
sample, 26.5% of both African American children and Hispanic children were obese.  In our 
sample, 14.6% of white children were obese and 14.1% of white US children are obese (Cynthia 
et al., 2016).  This nationally representative study also found that obesity risk increased with age 
as it did in our sample from 5 to 12 year olds.  Nationally, 8.4% of 2-5 year olds were obese, 
17.7% of 6-11 year olds were obese, and 20.5% of 12-19 year olds were obese.  We found that 
22.7% of 5-8 year olds were obese, 26.4% of 9-12 year olds were obese, and 17.6% of 13-18 
year olds were obese.  
Table 4: Extreme obesity by gender, age group, race and insurance 
 
Extreme Obesity 
No Yes 
Count Row N % Count Row N % 
Gender Male 418 91.5% 39 8.5% 
Female 429 93.3% 31 6.7% 
Age Group 5-8 265 95.3% 13 4.7% 
9-12 184 91.5% 17 8.5% 
13-18 284 91.0% 28 9.0% 
Race White 337 94.9% 18 5.1% 
African American 121 91.7% 11 8.3% 
Hispanic 306 90.0% 34 10.0% 
Other 83 92.2% 7 7.8% 
Insurance Private 362 95.5% 17 4.5% 
Public 450 89.6% 52 10.4% 
† Extreme obesity: ≥ 120% of the 95th percentile 
 
Table 5 shows the waist circumference categories by gender, age, race, and insurance.  
Data is very similar to that on BMI percentile categories and national statistics.  Obesity 
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prevalence was slightly higher in both males and females according to WC.  According to WC 
percentiles, girls had higher obesity prevalence than boys (opposite for BMI percentiles).  For 
both measures, obesity prevalence was lowest in 13-18 year olds and highest in 9-12 year olds.  
It was also lowest among white children and highest among African American and Hispanic 
children according to both BMI and WC percentiles.  Finally, children with private insurance had 
lower levels of obesity compared to those with public insurance (similar to BMI percentiles).   
Table 5: Waist circumference percentile categories by gender, age group, race, and insurance  
 
WC Percentile Categories 
Underweight Normal Weight Overweight Obese 
Row N % Row N % Row N % Row N % 
Gender Male                     n=463 3.9% 68.9% 11.7% 15.4% 
Female                 n=462 6.0% 63.3% 13.7% 17.0% 
Age Group 5-8                        n=285 4.6% 66.3% 13.1% 16.0% 
9-12                      n=201 4.0% 61.6% 12.1% 22.2% 
13-18                    n=312 3.6% 72.2% 11.8% 12.4% 
Race White                    n=357 6.0% 70.7% 11.5% 11.8% 
African American  n=133  2.3% 62.1% 14.4% 21.2% 
Hispanic               n=344 5.0% 62.9% 13.2% 19.0% 
Other                    n=91 4.4% 66.7% 13.3% 15.6% 
Insurance Private                  n=382 5.6% 72.3% 10.1% 12.0% 
Public                   n=507 4.6% 61.6% 14.8% 19.0% 
† underweight: <10th percentile, normal weight: 10-79th percentile, overweight: 80-89th percentile, obese: 90-
100th percentile 
 
Comparing BMI Percentiles, BMI Z-Score, and WC Measurements 
Figures 5 and 6 show the distribution of BMI percentiles and BMI Z-scores.  While BMI 
percentiles are skewed towards the top, BMI Z-scores trended toward normal distribution 
(p=0.04).  The BMI percentiles have a very high percentage of children placed at the top of the 
scale (almost 16%), which does not allow for differentiation level of adiposity in this extreme.   
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Figure 5: Distribution of BMI percentiles           Figure 6: Distribution of BMI Z-scores 
 
The distribution of waist circumference percentiles (figure 7) shows how the cutoff points for 
each percentile effect the placement of the subjects and how waist circumference might produce 
different results about how adiposity should be examined in children.   Because BMI percentiles 
are skewed to the top and WC percentiles are clustered, new measures and cut off points should 
be evaluated. 
Figure 7: Distribution of waist circumference percentiles 
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Figure 8 and 9 show the gender differences between BMI percentiles and BMI Z-scores.  These 
differences are not significant.   
Figure 8: Distribution of BMI percentile by gender 
 
 
 
Figure 9: Distribution of BMI Z-score by gender 
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The correlation between BMI Z-score and BMI percentiles is shown in Table 6 with the 
relationship across the distribution shown in Figure 10.  The correlation is strongest between 
BMI Z-scores of -2.0 and +2.0 and significantly less strong above and below these values. 
Table 6: BMI Z-Score and BMI percentile correlation 
Correlations 
 BMIZ BMIP 
BMIZ Pearson Correlation 1 .964** 
Sig. (2-tailed)  .000 
N 917 917 
BMIP Pearson Correlation .964** 1 
Sig. (2-tailed) .000  
N 917 917 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
Figure 10: BMI percentile and BMI Z-score correlation 
 
Correlation between BMI percentiles and waist circumference percentiles is in Figure 11.  
There is quite a bit of discrepancy between the two indirect measures of adiposity.  For example, 
in the waist circumference percentiles below 30, there is distribution of BMI percentiles from 
underweight to obese.  Conversely, many fewer children have low BMI percentiles and are 
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characterized with high waist circumferences.  The two percentiles converge more at the 50th 
percentile and above, except at the top of both distributions, where children from approximately 
the 90th to 100th percentile of waist circumference are characterized as at the 100th percentile for 
BMI.    
Figure 11: BMI percentile and WC percentile correlation 
 
 The next analyses attempt to determine differences in the ability to see demographic 
differences in level of adiposity by differences in males/females, age group or public/private 
health insurance (Tables 7, 8, 9).  These tests show that insurance but neither age nor gender had 
a significant effect on the BMI Z-score, BMI percentile, and WC percentile of the child.  It can 
be seen in the charts below that there is not a significant difference in these findings between 
boys and girls.  Results did not significantly differ between the three indirect measures of 
adiposity. 
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Table 7: Effects of age, gender, and insurance on BMI percentiles 
Tests of Between-Subjects Effects 
Dependent Variable:   BMIP   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Corrected Model 15511.741a 8 1938.968 2.350 .017 
Intercept 273301.011 1 273301.011 331.290 .000 
Age 72.385 1 72.385 .088 .767 
Insurance 13155.772 3 4385.257 5.316 .001 
Gender 552.719 1 552.719 .670 .413 
Insurance * Gender 1306.247 3 435.416 .528 .663 
Error 745763.262 904 824.959   
Total 4874992.702 913    
Corrected Total 761275.003 912    
a. R Squared = .020 (Adjusted R Squared = .012) 
 
Table 8: Effects of age, gender, and insurance on BMI Z-Score 
Tests of Between-Subjects Effects 
Dependent Variable:   BMIZ   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Corrected Model 26.491a 8 3.311 2.690 .006 
Intercept 27.447 1 27.447 22.293 .000 
Age .066 1 .066 .054 .817 
Insurance 24.901 3 8.300 6.742 .000 
Gender .290 1 .290 .235 .628 
Insurance * Gender 1.251 3 .417 .339 .797 
Error 1113.018 904 1.231   
Total 1528.678 913    
Corrected Total 1139.509 912    
a. R Squared = .023 (Adjusted R Squared = .015) 
 
Table 9: Effects of age, gender, and insurance on WC percentiles 
Tests of Between-Subjects Effects 
Dependent Variable:   WCP   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Corrected Model 13464.766a 8 1683.096 2.167 .028 
Intercept 219532.088 1 219532.088 282.606 .000 
Age 233.527 1 233.527 .301 .584 
Insurance 12797.390 3 4265.797 5.491 .001 
Gender 2.754 1 2.754 .004 .953 
Insurance * Gender 834.182 3 278.061 .358 .783 
Error 698356.018 899 776.814   
Total 4028749.446 908    
Corrected Total 711820.784 907    
a. R Squared = .019 (Adjusted R Squared = .010) 
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Perceived versus Measured Adiposity in Children and Parents  
 The next analysis examine the association between measured adiposity and perceived 
body size for the child and the parents as well as differences across males/females, by age group, 
race/ethnicity and public/private health insurance. 
Table 10: Child perceived vs. measured BMI percentile categories 
 
Child Perceived vs. Measured BMI 
Perc>Meas Perc=Meas Perc<Meas 
Row N % Row N % Row N % 
Gender Male 16.9% 51.7% 31.5% 
Female 16.3% 56.4% 27.3% 
Age Group 5-8 19.7% 43.1% 37.2% 
9-12 17.9% 51.0% 31.1% 
13-18 11.2% 65.5% 23.4% 
Race White 17.4% 59.4% 23.2% 
African American 15.4% 46.9% 37.7% 
Hispanic 16.7% 50.9% 32.4% 
Other 14.9% 55.2% 29.9% 
Insurance Private 16.0% 62.0% 22.0% 
Public 17.2% 47.5% 35.3% 
 
 Girls and boys had similar perception results (Table 10).  About 16% perceived their 
BMI category to be greater than their measured BMI category, 53% estimated correctly, and 
29% perceived their BMI category to be less than it actually was.  Females were slightly better at 
perceiving their weight status.  The older the age category, the better they were at perceiving 
their measured BMI category.  Of 5-8 year olds, 43.1% guessed their category correctly 
compared to 51% of 9-12 year olds and 65.5% of 13-18 year olds.  White children also were 
more accurate than were African American, Hispanic, and other race children.  African 
American children were the least accurate.  Of white children, 59.4% perceived their weight 
correctly while 17.4% overestimated their weight and 23.2% underestimated their weight.  Only 
46.9% of African American children and 50.9% of Hispanic children correctly perceived their 
weight.  All three groups of children were more likely to underestimate than overestimate their 
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weight.  Finally, 62% of children with private insurance perceived their weight correctly while 
only 47.5% of children with public insurance did so. 
Table 11: Parent perceived vs. measured BMI percentile categories 
 
Parent Perceived vs. Measured BMI 
Perc>Meas Perc=Meas Perc<Meas 
Row N % Row N % Row N % 
Gender Male 9.6% 60.8% 29.6% 
Female 14.5% 61.1% 24.4% 
Age Group 5-8 10.2% 58.2% 31.6% 
9-12 16.2% 55.8% 27.9% 
13-18 9.6% 65.7% 24.8% 
Race White 12.2% 65.8% 22.0% 
African American 9.2% 58.5% 32.3% 
Hispanic 13.0% 57.1% 29.9% 
Other 12.6% 59.8% 27.6% 
Insurance Private 11.6% 68.0% 20.4% 
Public 12.8% 55.1% 32.2% 
 
 For the parents, the same percentage of boy and girl BMI was correctly perceived but 
parents were more likely to underestimate their male child’s weight and overestimate their 
female child’s weight (Table 11).  Also, the most inaccurate age group predictions were parents 
of 9-12 year olds.  Like their children, parents of white children were most accurate and parents 
of African American and Hispanic children were least accurate.  Of parents with private 
insurance, 68% guessed their child’s weight correctly and 55.1% of parents with public 
insurance guessed their child’s weight correctly.  The same trends were seen in both parents and 
child perception for gender, race, and insurance differences.  For age, however, child perception 
increased with age and parent perception was lowest with 9-12 year olds. 
Table 12: Child perceived vs. measured WC percentile categories 
 
Child Perceived vs. Measured WC 
Perc>Meas Perc=Meas Perc<Meas 
Row N % Row N % Row N % 
Gender Male 23.4% 54.6% 22.0% 
Female 23.2% 53.4% 23.4% 
Age Group 5-8 23.0% 48.6% 28.4% 
9-12 27.5% 48.2% 24.4% 
13-18 19.1% 63.5% 17.4% 
Race White 25.1% 56.0% 18.9% 
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African American 19.2% 53.1% 27.7% 
Hispanic 24.0% 52.0% 24.0% 
Other 19.5% 55.2% 25.3% 
Insurance Private 23.0% 59.8% 17.2% 
Public 23.8% 49.4% 26.8% 
 
Like BMI category predictions, boys and girls perceived their weight similarly.  
Accuracy also increased with age, and white children guessed their WC best while Hispanic and 
African American children were the least accurate.  60% of children with private insurance 
perceived their WC correctly compared to 49.4% of children with public insurance.   
Table 13: Parent perceived vs. measured WC percentile categories 
 
Parent Perceived vs. Measured WC 
Perc>Meas Perc=Meas Perc<Meas 
Row N % Row N % Row N % 
Gender Male 17.1% 63.2% 19.7% 
Female 20.9% 59.8% 19.3% 
Age Group 5-8 18.3% 57.7% 24.0% 
9-12 24.7% 54.1% 21.1% 
13-18 14.7% 69.6% 15.7% 
Race White 20.0% 62.4% 17.6% 
African American 13.1% 62.3% 24.6% 
Hispanic 19.8% 60.2% 20.1% 
Other 20.7% 62.1% 17.2% 
Insurance Private 18.8% 66.3% 14.9% 
Public 19.5% 57.6% 22.9% 
 
 Like perceived and measured BMI category, parents were more likely to overestimate 
their female child’s measured WC.  Parents of 13-18 year olds were most accurate and 9-12 year 
olds least accurate.  Parents of white children were most accurate and parents of Hispanic and 
African American children were the least accurate.  Finally, parents with private insurance were 
more accurate than parents with public insurance.  The next table shows whether or not parent 
perceived vs. measured BMI and WC category agreed with child perceived vs. measured BMI 
and WC category.    
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Table 14: Perceived vs. measured BMI and WC discordance between parent and child 
 
BMI Discordance WC Discordance 
Agree Disagree Agree Disagree 
Row N % Row N % Row N % Row N % 
Gender Male                       n=463 76.6% 23.4% 75.1% 24.9% 
Female                   n=462 75.1% 24.9% 74.5% 25.5% 
Age Group 5-8                          n=285 74.2% 25.8% 71.0% 29.0% 
9-12                        n=201 70.7% 29.3% 70.3% 29.7% 
13-18                      n=312 80.5% 19.5% 79.9% 20.1% 
Race White                      n=357 77.7% 22.3% 77.9% 22.1% 
African American    n=133  74.0% 26.0% 71.8% 28.2% 
Hispanic                 n=344 74.5% 25.5% 73.8% 26.2% 
Other                      n=91 76.4% 23.6% 70.8% 29.2% 
Insurance Private                    n=382 78.8% 21.2% 78.2% 21.8% 
Public                     n=507 73.1% 26.9% 71.8% 28.2% 
 
 There was no significant difference between BMI category discordance and WC category 
discordance between parent and child (Table 14).  Boys and girls were equally likely to agree 
with their parents’ perception.  Greatest discord between parents and children was with children 
aged 9-12.  White children and their parents were more likely to agree than African American 
and Hispanic children and parents.  Parents and children with private insurance also had much 
lower than discordance than those with public insurance.   
 The next figures (12-15) show the frequency of correct perception, overestimation, and 
underestimation of weight status by BMI and WC percentile category. 
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Figure 12: BMI percentile-based body size categories and child’s perceived body size where the 
blue is perceived>measured, the red is perceived=measured, and the green is 
perceived<measured 
 
 Children of normal weight were the most accurate predictors, while obese children were 
most likely to underestimate their weight and underweight children were most likely to 
overestimate their weight status.  The same pattern is seen in child WC perception below. 
Figure 13: WC percentile-based body size categories and child’s perceived body size where the 
blue is perceived>measured, the red is perceived=measured, and the green is 
perceived<measured 
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Figure 14: BMI percentile-based body size categories and parent’s perceived body size where 
the blue is perceived>measured, the red is perceived=measured, and the green is 
perceived<measured 
 
 Parents of children with normal weight were the most accurate predictors while parents 
of underweight children were most likely to overestimate their child’s weight and parents of 
obese children were most likely to underestimate their child’s weight.  50% of parents of 
overweight children perceived their child’s weight as normal.  Parent WC perception followed 
the same patterns as seen below. 
Figure 15: WC percentile-based body size categories and parent’s perceived body size where the 
blue is perceived>measured, the red is perceived=measured, and the green is 
perceived<measured 
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 4. Discussion 
This study has found high levels of overweight/obesity among children who seek health 
care at a pediatric emergency department in a large, urban children’s hospital.  The rates of 
overweight and obesity exceed or are similar to national standards and trends shown in 
NHANES 2011/2012 (CDC, 2014) and NHANES 2013/2014 (CDC, 2015), respectively.  
Obesity was equal in boys and girls and most prevalent in 9-12 year olds compared to other age 
groups.  African American and Hispanic children had the highest rates of obesity compared to 
white children, and children with public insurance had higher rates of overweight and obesity 
than those with private insurance.  No significant differences were found between BMI 
percentiles, BMI Z-score, and WC percentiles in the ability to show these overweight/obesity 
differences among demographic groups.  Overweight/obesity misperception was high among 
both the children and their parents.  Girls were more accurate than boys at identifying their 
percentile category and accuracy increased with age.  White children and parents and those with 
private insurance were the most accurate at identifying weight status compared to African 
American children, Hispanic children and public insurance. 
Obesity Risk in Comparison with U.S. National Surveillance 
 Overweight and obesity rates were similar to national standards.  In our sample, 13.7% of 
children were obese and 7.6% were extremely obese.  A nationally representative study found 
that 17% of children and adolescents in the US were obese and 5.8% were extremely obese 
(Cynthia et al., 2016).  No significant difference between boys and girls was found in our sample 
as in national standards.  However, significant age and race differences were found nationally 
and in our sample.  Nationally, Hispanic and non-Hispanic black children have the highest 
obesity rates of 22.4% and 20.2%, respectively.  In our sample, 26.5% of both African American 
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children and Hispanic children were obese.  In our sample, 14.6% of white children were obese 
and 14.1% of white US children are obese (Cynthia et al., 2016).  This nationally representative 
study also found that obesity risk increased with age as it did in our sample from 5 to 12 year 
olds.  Nationally, 8.4% of 2-5 year olds were obese, 17.7% of 6-11 year olds were obese, and 
20.5% of 12-19 year olds were obese.  We found that 22.7% of 5-8 year olds were obese, 26.4% 
of 9-12 year olds were obese, and 17.6% of 13-18 year olds were obese.      
Indirect Measures of Adiposity 
 There are mixed findings comparing different measures of adiposity in children.  Our 
study did not find a significant difference between BMI percentiles, BMI Z-score, and WC 
percentiles in their ability to illuminate demographic differences in adiposity.  Data did, 
however, show significant differences in distributions of each measurement method.  BMI 
percentiles had a high frequency of children at the 100th percentile while BMI Z-score had a 
normal distribution.  The distribution of WC percentiles was clustered and did not align with all 
children’s BMI percentiles.  Like other studies, percentile readings were not found to be as 
representative at the tail ends of the scale.  A cross sectional study suggested that these two 
methods are less sensitive than other measurements, particularly at the tail ends of the scales 
(Jenson et al., 2016). 
 There are advantages and disadvantages to each indirect measurement method based on 
research goals and purposes.  BMI percentiles, while easy and relatively accurate, create a 
ceiling effect at the top of the scale.  Clustering at the 100th percentile makes it difficult to 
differentiate these children.  It still remains unknown, however, is this differentiation has an 
effect on obesity and disease risk.  There is also a chance for error when obtaining a child’s BMI 
both in height and weight measurement.  A nationally representative study of 3474 children 
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recognized the difficulty in obtaining accurate measurements of children and its effect on BMI 
percentile accuracy.  The study found that incorrect calibration of measuring instruments is likely 
to lead to overestimation of the prevalence of overweight and obesity (Biehl, 2013).  BMI 
percentiles have a non-normal distribution, which makes correlation analysis difficult.  On the 
other hand, the CDC has smooth growth curves to allow BMI percentiles for every decimal from 
0 to 100th percentile that allows for easy categorization of weight status (underweight, normal 
weight, overweight, obese, and extremely obese).     
  Unlike BMI percentiles, BMI Z-score can create a near normal distribution across a 
sample, which allows us to better characterize and identify extreme obesity.  Continue research 
will have to determine if this differentiation at the tail ends has a significant impact on proper 
diagnosis and treatment of childhood obesity.  However, tt is also difficult to categorize children 
into weight statuses based on BMI Z-score because there is no curve or defined cutoff values for 
these categories.  Therefore, it is difficult to communicate a standard of weight status between 
and within samples.  Like BMI percentiles, BMI Z-scores have two possibilities of error in both 
height and weight measurements.  This inaccuracy could lead to incorrect weight status 
identification as well as diagnosis and treatment.  Additionally, data from 30,003 2 to 19 year old 
children examined from 1999-2014 in NHANES showed that BMI Z-score is only weakly 
correlated with other measures of body fatness among children with severe obesity (BMIP > 
120).  Therefore, it may not be a good indicator of adiposity in extremely obese children or those 
with high BMIs.      
 Waist circumference percentile has similar advantages and disadvantages to BMI 
percentile except there is a lower chance for error because the score is based on one 
measurement (WC) instead of two (height and weight).  There is also research that waist 
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circumference is a better indicator of obesity and disease risk because of the dangers of central 
adiposity (Fernandez et al., 2004).  Unlike BMI percentiles, however, we were unable to 
characterize the WC percentiles into individual decimals between 0 and 100, as the WC 
percentile curve are not readily available.  
 These benefits and drawbacks of indirect measures of adiposity in children need to be 
considered for clinical practice as well as research.  Overall, WC seems to most correlate with 
body fat but percentiles have their disadvantages.  Z-score is an effective measurement tool to 
use when characterizing extreme obesity and for correlational analysis (there is no ceiling effect 
and a normal distribution).               
Perceived versus Measured Adiposity 
 Our study produced similar results as other research.  Misperception of overweight and 
obesity among children and parents was high.  Children of normal weight were the most accurate 
at perceiving their weight while overweight and obese were the most likely to underestimate 
their weight and underweight were the most likely to overestimate their weight.  The same trend 
is seen through NHANES, where 41.9% of obese children considered themselves to be of normal 
weight (Sarafrazi et al., 2014).  Girls were more accurate than boys, as were parents of girls than 
parents of boys.  Similarly, NHANES found that boys were more likely to misperceive their 
weight (Sarafrazi et al., 2014).  Parents were more likely to underestimate their male child’s 
weight, and overestimate their female child’s weight.  In a cross-sectional study of children and 
their parents, parents were less likely to recognize overweight in sons than daughters (Jeffery et 
al., 2005). Accuracy also increased with age for the children, and was the least accurate among 
9-12 year olds with parents.  NHANES found that misperception was significantly higher among 
children compared to adolescents—33% of 8-11 year olds misperceived their weight status 
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compared to 27% of 12-15 year olds.  White children and parents of white children were the 
most accurate, as in national standards, compared to other races, and Hispanic and African 
American children and parents were the least accurate.  Children and parents with private 
insurance were more accurate than those with public insurance.  According to NHANES, weight 
status misperception was lowest among children of wealthier families (26.3%) compared to 
middle class (30.7%) and lower class (32.5%) (Sarafrazi et al., 2014). 
Strengths and Limitations 
 Strengths of this study include the sample size and age range.  Compared to previous 
studies, this sample size (N=925) and age range (5-18 years old) were larger than most.  In doing 
so, this study included a wide range of demographic variables, adiposity values, and ages.  This 
provided statistical power and generalizability to the target population.  Looking at obesity risk 
trends in children is important for early detection and prevention of adult obesity.  This is also a 
unique study in its breadth and depth, comparing and contrasting three types of adiposity 
predictors, comparing perceived vs. measured adiposity in children and their parents, and 
characterizing obesity in children.   
 There are a few limitations to this study.  Because this study used convenience sampling, 
there is room for sampling bias and error.  This study looked at subjects from the same 
geographic areas, which could be limiting in diversity of the sample and generalizability to the 
target population.  Sample size could always be larger and more diverse, which would make 
results more accurate and generalizable to the target population.   
Conclusions 
A large urban but regional emergency department showed similar obesity risks and trends 
as nationally representative data.  This observational study of children receiving health care at 
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the pediatric emergency department found that obesity prevalence and weight misperception was 
highest among non-white children and those with public insurance.  Although additional research 
needs to be done on adiposity measurements in children, BMI percentiles, BMI Z-score, and WC 
percentiles are relatively simple indirect measures of adiposity that differentiated race/ethnicity 
and income-related differences in overweight/obesity.  These data is vital in properly diagnosing, 
treating, and preventing obesity in children and adults.  Cost-effective and efficient interventions 
and treatment plans for high risk children based on age, race/ethnicity, and socioeconomic status 
should be developed and tested to continue progressing our battle against obesity.       
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